This paper analyses and standardize the urban heat island (UHI) and urban dry island (UDI) effects in Matsuyama plane, focusing on the Local climate Zones (LCZs). LCZs classifies the landscape into homogeneous types based on structural type, land surface cover, materials used and human activities. This standard classification has made urban studies more meaningful and easy to compare the results with various cities globally. The LCZ map for Matsuyama was created using Landsat images, Google Earth and SAGA-GIS software. Four out of twenty-five in-situ meteorological stations network available in Matsuyama plane for different atmospheric studies were selected to represent the unique LCZ area each.UHI favourable days (August 1-6) were selected using Japanese Meteorological Agency (JMA) data. The results show LCZ with the compact mid rise building were on average 0.6°C cooler at day time and 2°C warmer at night time than LCZ with low plants. The result also shows that LCZ with the compact mid rise building were on average 2.5% dryer at daytime and 1.25% dryer at night time than LCZ with low plants.
INTRODUCTION
The faster-growing populations towards the cities and the climate change are one of the biggest problems. The cities are increasing and are highly concretized and compacted with tall buildings to accommodate the growing population. The population and built up has become one of the indexes of the development of cities. Such built structures and the cities are related to the increase of urban temperatures, energy consumption rate, waste production, raw material use, pollution agricultural to urban land conversion , biodiversity loss and shortage of water 1) . The warming and drying of city area atmosphere compared to its countryside is called urban heat island (UHI) and urban dry island (UDI), respectively. There are hundreds of literature available, related to UHI in different cities of the world today. The results of UHI shows that after sunset the temperature in an urban environment (TU) cools almost linearly whereas the rural environment temperature (TR) cools exponentially 2) . UDI is the phenomenon where urban absolute humidity is lower than rural absolute humidity 3) . The typical way of investigation of UHI/UDI is by selecting the sites, the urban (highly dense) area and the rural area where there is almost no human influence in the environment. Either conventional fixed stations are established or the mobile temperature measuring instruments are run in both urban and rural areas to calculate the temperature difference (TU-R) between them. The terms urban and rural are too ambiguous to define. They do not have definitive criteria to explain their boundaries. Some studies consider certain sized of cities as the urban area and the other studies consider other sized as the urban area. The general image of the rural area is an area not having man-made structure and mainly covered with plants and vegetation. However, the type of vegetation is not defined within rural areas studies. Despite the number of previous UHI/UDI studies to categorise urban and rural areas. Hence, this has created the variation in the results and it is difficult to compare the individual urban / rural related studies from one city to another.
In order to deal with such kind of problem Stewart and Oke 7) have introduced a contextual and relevant solution by dividing various microclimatic environment into a particular zone known as Local Climate Zone (LCZ) having a minimum radius of 200-500 metres. The LCZ is mainly divided into built types and land cover types. Built types are further divided into ten zones based on structure, fabric, coverage and metabolism. Likewise, land cover types are further divided into seven zones as shown in Table 1 . The combination of different zones can be used as a classification, depending on the actual field situation. To have uniformity in local climate zonation, boundary values for each parameter are fixed to classify each zones.
The main objective of this study is to determine the UHI and UDI effect on Matsuyama plane during 2015 summer based on LCZ and compare the UHI values with the similar studies available in different cities. The UDI effect based on LCZ is the first one because humidity has not been taken into consideration in terms of LCZ impact. In this study, we have divided Matsuyama plane into different LCZ types and studied the relationship between LCZ and UHI/UDI.
MATERIALS AND METHODS (1) Site description
Matsuyama is located in the northwestern part of Shikoku Island, Japan. The Matsuyama plain is mainly an alluvial fan, which was formed by the material deposited through the flooding of the Shigenobugawa River and its territorials. The plain area runs about 20 km from east to west and is about 17 km from north to south with a total area of about 100 km 2 . The population of the plain is approximately 0.51 million, most of which is concentrated in the northern part. The plain has become more urbanized since the 1980s. The northern part of the river is densely populated, whereas the southern part consists almost entirely of rice paddy fields and sparsely built area. The plane is surrounded by the mountain to the east and south. To the north and west is the inland sea coastal area as shown in Fig.1 .
(2) LCZ mapping of the study area Several LCZ mapping schemes are available so far. For example Lelovics et al. 8) follows a manual sampling of individual grid cells using Geo-Wiki, digitization of homogeneous LCZs and a GIS-based approach using building data. Gamba et al. 9 ) and Weng 10) follow object-based image analysis. Bechtel et al. 11) and Bechtel and Daneke 12) follow supervised pixel-based classification. In this study, we have followed the methodology which is provided by World Urban Database and Access Portal Tools (WUDAPT) 13) . WUDAPT has introduced a simple workflow, which makes the procedure universal, low level of data requirements, comparable to different cities and operators, computationally and financially inexpensive and easy. Important aspects, preparation, and tools of the implement workflow are shown in Fig.2 . In this mapping process, Google Earth is free, easy to use and high-resolution imagery for most cities is used for identifying the appropriate training sites (Fig.3a) ). The Landsat data which is used in this study for the classification can easily be acquired from the U.S. Geological Survey Earth explorer interface (Fig.2a) ). For the geometrical preprocessing and the classification of the map, System for Automated Geoscientific Analysis (SAGA) was used as a platform. First Landsat images were downloaded and then coropped to the region of interest (ROI). Digitised training areas using Google Earth were also also loaded to SAGA in KML format. The layers were then merged and coordinate were transformed. Resampling followed by resampling was conducted and post classification was applied to get the LCZ map. The processed LCZ map was further tested in Google Earth platform for the verification. Corrections were made by adding the training areas if necessary and the same process was continued to create the representative LCZ map (Fig.3b) ). Table 2) . As mentioned earlier, Matsuyama is covered by sea from the western side and the eastern side is covered with mountains. Places near to the sea and the mountain gorge experiences high wind, which is not favorable for the investigation of UHI/UDI. Such windy places are avoided while selecting the stations. The sensors are calibrated in the laboratory every year so that the relative standard error for temperature and relative humidity is less than 0.1°C and 0.6% respectively. To obtain UHI/UDI favorable condition the average wind speed, cloud coverage (sunshine time) and average precipitation were checked by using the Japanese Meteorological Agency's official website 14) ( Table 3) . To avoid the cloudy and windy condition, we have selected August 1 to 6 as favorable days as shown in Table 3 . The period from 21:00 to 6:00 and 7:00 to 19:00 were selected for the nighttime and daytime, respectively. The spatial deviation of temperature and humidity was calculated as follows. AH , respectively.
(3) Experimental setup
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RESULTS AND DISCUSSION (1) Comparison of temperature
Paddy field and Bancho being the low plant area (LCZ D) and compact midrise (LCZ 2) has the higher temperature in the daytime of all analysis days (see Fig.4 ). At night, compact midrise (Bancho) has the highest temperature whereas low plant area (paddy field) has the lowest one. On an average a difference of about 2°C between the compact midrise and low plant LCZ was recorded across the 6 nights, though the largest difference recorded was on 3 August (2.5°C). Fig.4 b) shows that the stations located within high building coverage (LCZ 2 and 3) consistently exhibit positive thermal anomalies each night throughout the observation days compared to stations with higher pervious coverage (LCZ D and 6). Open low-rise (Wake, LCZ 6) which is a mix of both rural and urban area is almost neutral.
(2) Comparison of the study to other similar studies
As the concept of LCZ is new and was started only from 2012 7) , there are not much LCZ based UHI studies. Some of the similar studies are available for comparison (Table 4) 15 )16)17)18) . The relationship Table 4 shows the comparison of air temperature between intra-urban and urban-rural areas. The values, which are not available for the comparison, are replaced by the closest LCZ air temperature value available for the comparison (the values marked with * or **).
a) Intra-urban comparison
The comparison of the temperature difference between the LCZs based on building types was compared with other similar studies. In this comparison LCZ2-LCZ6 with a value of 1.5°C is greater than LCZ2-LCZ3 with a value of 1.3°C in Matsuyama. This is because LCZ3 is densely concretized and has higher temperature compared to LCZ6. The tendency of slight increase of temperature discussed above is similar to Nagano's result as shown in Table 4 . Interestingly, LCZ2-LCZ3 of Matsuyama and Nagano is not similar with Dublin. This may be due to the difference in urban fabric. Low-rise (LCZ3) buildings in Japan are generally built with wood, while the construction material used for the same category in Dublin is concrete. Therefore the temperature of wooden structure tends to decrease more rapidly and as a result LCZ2-LCZ3 in Japanese cities tend to be larger than that of Dublin at night. The differences may also be due to other possible factors like study period, latitude length of the day, season, instrumentation, setting, and background climate.
b) Urban and rural comparison
The comparison of the temperature difference between the LCZs based on different building types and low plants (LCZD) was compared with other similar studies. The value of LCZ2-LCZD tends to be larger than that of the intra-urban comparison as shown in Table 4 . The difference of LCZ2-LCZD, LCZ3-LCZD, and LCZ6-LCZD, respectively, is decreasing in order in Matsuyama. The trend is similar with the other study areas. However, the values are different among cities. It may be because the, study period, setting, and background climate is different. The exact nature of LCZ classes in each study may also differ in terms of land use and building materials (Alexander et al., 2015 16) ).
(3) Comparison of humidity
Comparison of absolute humidity (AHF) between different LCZ categories ( Fig.4c) and 4d) shows that low plant (LCZ D) has the highest and compact midrise (Bancho, LCZ 2) has the lowest value of all both in the daytime and nighttime. The ranking of LCZ (in terms of + or -absolute humidity) more or less appears to follow a logical pattern where built up areas exhibit negative AHF values and the areas with vegetation exhibit positive AHF values. On an average, a difference of about 2.5% between the urban LCZ and rural LCZ was recorded in the daytime across the 6 days, and that in the nighttime was 1.25%. It shows the urban dry island phenomena is significant at daytime during fine days compared to nights.
CONCLUSIONS
The concept of Local Climate Zone (LCZ) classification is an outstanding concept for the urban/ rural studies on the global scale. This study shows the importance of LCZ categorization as an initial step that helps in the comparison, design, implementation and interpretation of urban meteoro- logical studies. In this study, a maximum nocturnal air temperature of about 2.5°C was detected between urban and non-urban LCZ (TLCZ 2-TLCZ D). LCZ with compact mid rise building were on an average 2.5% dryer at daytime and 1.25% dryer at nighttime than LCZ with low plants. It also suggests that urban dry island phenomena are significant at daytime during fine days compared to nights. The results show that the magnitude of UHI and UDI highly depends on the LCZ type and they can be used to make a sensible interpretation of the temperature and absolute humidity values in urban neighborhoods where there are no observations.
